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Preparation Of Substituted Aromatic Compounds 

[0001] The invention relates to a process for carbon-carbon bond formation 
starting from chloro- or fluoroaromatics by reacting with lithium metal 
and a carbon electrophile. whereby a wide gamut of alkyi- or aryl- 
substituted aromatlcs and heteroaromatics may be obtained. 
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[0002] This type of conversion of chloro- and fluoroaromatics to alkyl- and aryl- 
substituted aromatics and heteroaromatics provides, for example, a 
very wide gamut of versatile intermediates and active ingredients for the 
agrochemical and pharmaceutical industry that are of great economic 
interest. 

[0003] Many different routes for the conversion of haloaromatics to alkyl- or 

aryl-substituted aromatics are described in numerous publications, and 
for many of these reactions there are general procedures whereby even 
the target compounds in each case can be obtained in good yields. 

[0004] The most important and very widely applicable general procedure is the 
conversion of haloaromatics to Grignard compounds, which can 
subsequently be reacted with a wide gamut of carbon electrophiles to 
give the target compounds. The reaction of bromo- or iodoaromatics to 
give Grignard compounds succeeds in the absence of traces in the 
haloaromatic which react with the Grignard functionality in almost all 
cases in good to very good yields. However, it must be taken into 
account that bromo- and iodoaromatics are almost always significantly 
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more expensive than the corresponding chloroaromatics, so that it is 
obligatory to use the latter to obtain competitive industrial preparative 
processes. Unfortunately there are numerous cases in which, starting 
from the corresponding chloro- or fluoroaromatics, the Grignard 
compounds can only be obtained in poor yields, using specialized, often 
expensive solvents or using expensive activation methods for the 
magnesium metal. For example, this applies to 1-chloronaphthalene. 
which requires the use of Rieke magnesium, an example of a 
specialized and expensive technique, in order to achieve any 
worthwhile yields. 

[0005] In these cases, there are hardly any alternatives to the use of the 

bromo- or iodoaromatics. since metallation using e.g. butyllithlum does 
not work with chloroaromatics. and the reverse procedure, e.g. coupling 
of the haloaromatic with a nucleophilic reagent, such as an alkyi or aryl 
Grignard or a boronic acid, usually only succeeds with the more active 
bromo- or iodoaromatics. In the few described coupling reactions of 
metallates with chloro- or fluorobenzenes. it is often necessary to use 
large quantities of specially developed and usually very expensive 
ligands. so that this alternative is not usually given serious 
consideration. 

[0006] A further significant disadvantage of the process mentioned concerns 

the apparatus. From the point of view of process engineering, preparing 
Grignard compounds from chloro- or fluoroaromatics is also problematic 
because the reaction frequently does not start at all at first only then to 
light off very suddenly and in an often uncontrolled fashion. It is often 
observed that the time until the start of the reaction depends v6ry 
strongly on the quality of the solvent used (for example, water content, 
content of radical formers and metal ions. etc.). These are not ideal 
preconditions for a controlled industrial process. 
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[0007] However, the greatest problem and the biggest cost factor in the 

preparation of alkyi- and aryi-substituted aromatics from chloro- and 
fluorobenzenes is the considerable cost and effort associated with the 
apparatus. Since the resulting aryl metallates. for example the 
repeatedly mentioned aryl Grignard compounds, can only be obtained 
commercially in very few cases and then at honrendous cost, the 
Grignard compound has to be prepared in a first tank, which is usually 
held at reflux temperature, cooled therein after complete conversion, the 
appropriate carbon electrophile pre-charged to a second tank and, in 
view of the high reactivity of the aryl metallates, usually cooled to very 
low temperatures, then the similarly cooled Grignard compound 
metered in. thawed, hydrolyzed in a third tank (tanks 1 and 2 have to 
remain absolutely water-free) and the workup carried out in this third or 
a further tank. The simultjaneous occupation of several tanks and the 
necessary lengthy heating and cooling phases of relatively large 
quantities results in only average space-time yields being achieved and 
high overall preparation costs. 

[0008] The preparation of other organometallic reagents, e.g. based on the 
metals of zinc, aluminum, sodium, potassium or silicon, likewise does 
not present a sensible alternative, since the metals are usually too 
unreactive to react with chloroaromatics (Zn, Al, Si), or since the 
resulting metallates couple very easily to give biaryls and other products 
or tend to rearrange intramolecularly (K. Na. e.g. tolylsodium and 
tolylpotassium rearrange to give benzyl metallates). 

[0009] It would therefore be very desirable to have a process - while retaining 
the raw materials chloro- or fluoroaromatics and carbon electrophile - 
which ideally involves all process steps being operated at one and the 
same temperature or at only slightly differing temperatures and thus 
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avoiding long heating and cooling phases. Even more important would 
be the ability to carry out the preparation of the organometallic reagent 
in the same tank in which the reaction with the carbon electrophile is 
carried out. However, since the preparation of the Grignard compound 
usually has to be carried out at the reflux temperature of the solvent 
used but the addition of the reaction partner has to be carried out at 
temperatures of < O^C for selectivity reasons, this does not appear to be 
possible via a Grignard route. 

[0001 0] A further route which is frequently used for preparing alkyl- or aryl- 
substituted aromatics is the reaction of lithiated aromatics and 
heteroaromatics with carbon electrophiles. Lithioaromatics can likewise 
be prepared in numerous ways. For example, reaction of 
bromoaromatics and iodoaromatics with butyllithium is a standard 
method of generating lithioaromatics. This exchange can be carried out 
at low temperatures at which the reactions with carbon compounds can 
then be canied out with high selectivity. 

[00011] However, this reaction can unfortunately not be carried out using 

chloroaromatics, since, with very few exceptions, these do not react 
with butyllithium. This fact and the high cost of butyllithium results in a 
process which is overall not particularly economical despite the 
advantages mentioned. 

[00012] The prior art discloses various methods for preparing lithium 

compounds. However, no overall process for exchange of chlorine or 
fluorine with alkyl or aryl radicals which fulfills all of the requirements 
described above has hitherto been described. ' 

[0001 3] It is an object of the present invention to provide a process for preparing 
compounds of the formula (I) which starts from easily available and 
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convenient chlorine or fluorine compounds, and mal<es tlie required 
aryl- or all<yl-substituted aromatics and heteroaromatics accessible in 
good yields and high purities and is at the same time simple in process 
engineering terms, efficient and cost effective. The latter automatically 
implies the operation of all process steps with the exception of 
hydrolysis and workup at one and the same temperature and if possible 
in one and the same reaction vessel. Ideally, the process shall also 
make it possible to prepare the target compounds directly by simple 
stirring of chloroaromatic, metal and carbon electrophile in a suitable 



[00014] The present invention achieves all these objects and provides a process 
for preparing compounds of the formula (II), 



solvent. 




(CI, F) 



Caryl, alkyi 



C-electrophile 





I. 
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where to and to have the same meaning as to X^ and R^ 

to R^ 
and 

the radical Caryi.aikyi is CH3. straight-chain or branched, substituted or 
unsubstituted Ci-C8-alkyl, in particular Ci-C4-alkyl, 1-hydroxyalkyl 
having from 1 to 8 carbon atoms, CN. 2-hydroxyalkyl having from 2 to 5 
carbon atoms, 3-hydroxyalkyl having from 3 to 5 carbon atoms, 1-NHR- 
alkyl having from 1 to 5 carbon atoms, CH(OCi-C5-alkyl)2, C(Ci-C5- 
alkyl)(OCi-C5-alkyl), CHzCOd-Cs-alkyl), CH(CH3)(OCi-C5-alkyl), C1-C5- 
alkoxy. in particular Ci-C4-alkoxy, N(Ci-C5-alkyi)2, phenyl, substituted 
phenyl, aryl. heteroaryl, CO2H, COaalkyI, (C=0)o.5. (which would 
con-espond to the structural unit Ar-CO-CO-Ar). substituted 1- 
vinylalkyls. CH3-C(=0). R-C(=0) or CHO, 

which comprises reacting chloro- or fluoroaromatics of the formula (I) 
with carbon electrophiles and lithium metal. 

[00015] The carbon electrophile is in particular selected from one of the 
following categories: 

aryl or alkyl cyanates (Caryi.aikyi = CN) 

oxirane. substituted oxiranes (Caryi.aikyi = CH2CH2OH, CR2CR2OH) with 
R = R^ (identical or different) 
azomethines (Caryi.aikyi = CR^2-NR'H) 
nitroenolates (Caryi.aikyi = oximes) 
immonium salts (Caryi.aikyi = amines) 

haloaromatics, aryl triflates, other arylsulfonates (Caryi.aikyi = aryl, 
heteroaryl) 

carbon dioxide (Caryi.aikyi = COOH) 

carbon monoxide (Caryi.aikyi - (-CO-)o.5) 

aldehydes, ketones (Caryi.aikyi = CHR^-OH, CR^2-OH) 
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a.p-unsaturated aldehydes/ketones (Caryi.aikyi = CH(OH)-vinyl. CR^(OH)- 
vinyl) 

ketenes (Caryi.aiky. = C(=0)CH3 in ketene. C(=0)-R' in substituted 
ketenes) 

alkali metal and alkaline earth metal salts of carboxylic acids (Caryi.aikyi = 
CHO in formates, COCH3 in acetates, R^CO in R^COOMet) 
aliphatic nitrlles (Caryi.aikyi = COCH3 in acetonitrile, R^CO in R^CN) 
aromatic nitriles (Caryi.aikyi = COAr') 

amides (Caryi.aikyi = CHO in HCONR2. C(=0)R in RCONR'2) 
esters "(Caryi.aikyi = [C(OH)R'1o.5) or 
alkylating agents (Caryj.aikyt ^ alkyl). 

[0001 6] The process of the invention provides a method for converting the 

inexpensive and easily accessible chloro- and fluoroaromatics as ideal 
starting molecules into a wide gamut of compounds while adding value. 

[0001 7] A preferred embodiment is the simultaneous stirring of the carbon 
electrophile. chloro- or fluoroaromatic and lithium metal in a suitable 
solvent (one-pot variant), in which, after appropriate workup (usually 
hydrolysis), the resulting products are often obtained in good yields. As 
long as no functional groups are present in the reactants which react 
even faster with lithium metal, the method delivers very high space-time 
yields and additionally only requires a single tank. In some cases, 
space-time yields of up to 0.3 kg of product/(L*h) are achieved. 

[0001 8] A further prefen-ed embodiment is particularly advantageous when, for 
the above or other reasons, the one-pot variant cannot be employed, 
and involves the primary quantitative preparation of lithium corhpound 
and subsequent reaction with cartaon electrophile. In a particularly 
preferred embodiment, both steps are carried out at the same or only 
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slightly differing temperatures, which allows time-consuming and 
energy-intensive heating and cooling phases to be avoided. 

[00019] Useful solvents for the carbon-carbon bond forming method of the 
invention are aliphatic and aromatic ethers and hydrocarbons and 
amines which do not carry a hydrogen on the nitrogen atom, preferably 
triethylamine. diethyl ether, tetrahydrofuran, toluene. toluenefTHF 
mixtures, anisole and diisopropyl ether, more preferably toluene. THF or 
diisopropyl ether. Concentrations of solutions are preferably in the 
range from 1 to 60% by weight, in particular 5 to 40% by weight, more 
preferably 8 to 30% by weight. 

[000201 The conversions of the invention are advantageously carried out at 
temperatures in the range from -100X to +80°C. preferably from - 
80°C to +20"'C, more preferably from -65°C to -5°C. 

[000211 The lithium can be used in the present process in the form of a 
dispersion, a powder, turnings, sand, granules, pieces, bars or in 
another form, although the size of lithium particles is not qualitatively 
relevant, but merely influences the reaction times. For this reason, 
preference is given to relatively small particle sizes, for example 
granules, powder or dispersions. The added lithium quantity per mole of 
halogen to be converted is from 1 .95 to 2.5 mol. preferably from 1 .98 to 
2.15 mol. 

[00022] The workup is generally aqueous, and either water or aqueous mineral 
acids are metered in or the reaction mixture is metered into water or 
aqueous mineral acids. To achieve the best yields, the pH is s6t to that 
of the product to be isolated in each case, thus usually a slightly acidic, 
or in the case of N-heterocycles. slightly alkaline pH. The alkylated or 
arylated products are recovered, for example, by extraction and 
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evaporation of the organic phases, or alternatively, the organic solvents 
may be distilled out of the hydrolysis nnixture and the precipitated 
product recovered by filtration. 

[00023] The purities of the products fronn the process of the invention are 

generally high, but for special applications (pharnfiaceutical precursors) 
a further purification step, for example by recrystallization with the use 
of small quantities of activaited carbon, may be necessary. The yields of 
the reaction products are from 70 to 99%, typical yields are in particular 
from 85 to 95%. 

[00024] The raw materials for the synthesis of the invention (chloroaromatics 
and fluoroaromatics) are generally commercially obtainable and very 
inexpensive, so that in combination with the stated process engineering 
advantages and associated high space-time yields and very high 
product purities, an extremley economical and very generally applicable 
process for carbon-carbon bond fomnation of the invention has been 
found. 

[00025] The process of the invention is illustrated by the following nonlimiting 
examples: 

Examples 1 to 7 

[00026] Preparation of p-methylacetophenone from chlorotoluene 

A mixture of 126.5 g (1 mol) of p-chlorotoluene and 45.1 g (1.1 nnol) of 
acetonitrile (freshly distilled) Is added dropwise to a suspension of 
1 3.8 g (2.0 mol) of lithium granules In 350 ml of THF at -50°C over the 
course of 2 hours. After a conversion determined by GC (the dark color 
of the reaction mixture prevents quantification of lithium consumption) of 
> 98% (overall 7.5 h), the reaction mixture is added to 200 g of water. 



-10- 



the pH adjusted to 2.0 using 37% HCI and the reaction mixture boiled 
for two hours under reflux. The organic phase is then separated off and 
the aqueous phase extracted once more with 100 ml of petroleum ether. 
The united organic phases are distilled. 132.7 g (0.99 mol) of 4- 
methylacetophenone (99%. boiling point SSX/S Torr) are obtained as a 
colorless liquid, GC purity > 98% a/a. which when left to stand at RT 



gradually solidifies. 





Solvent 


Temperature 


Reaction 
time 


% conversion 
of metallation 


Example 1 


THF 


-50'C 


7.5 h 


98.5 


Example 2 


THF 


-60X 


10h 


98.3 


Example 3 


THF/toluene 1:1 


-40X 


12 h 


95.5 


Example 4 


THF (half quantity) 


-50X 


7.5 h 


96^8 


Example 5 


Di-n-butyl ether 


.35°C 


14 h 


97.2 


Example 6 


Diethyl ether 


-25°C 


9h 


98.3 


Example 7 


j Triethylamine 


-65**C j 2 h 


98.2 



Example 8 

[00027] Preparation of p-methylacetophenone from fluorotoluene 

The preparation of p-methylacetophenone from p-fluorotoluene was 
carried out as described in Example 1. except that the reaction time to 
the required conversion has to be doubled. The hydrolysis was carried 
out in a Teflon flask (HF). In this way. 4-methylacetophenone is 
obtained in a yield of 88%. 

Example 9 

[00028] Preparation of 2-(4-isopropylphenyl)propene from 4- 
chloroisopropylbenzene 
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1 54.5 g (1 mol) of 4-chloroisopropylbenzene are added dropwise over 
the course of 1 hour to a suspension of 13.8 g (2.0 mol) of lithium 
granules in 400 ml of THF at 

-45X. After a conversion determined by GC of > 97% (overall 9.5 h), 
the reaction mixture is added dropwise over 30 minutes to a solution of 
60.9 g (1 .05 mol) of dry acetone in 120 ml of THF at -45''C and stirred 
for a further 1 h at this temperature. 
[00029] The reaction mixture is hydrolyzed as described in Example 1 (150 ml 
of water, adjust the pH to 1 .0 using HCI). In order to completely 
eliminate water, the mixture is boiled for 6 h under reflux. The phases 
are then separated at room temperature and the aqueous phase 
extracted once more with 100 ml of petroleum ether. The united 
organic phases are dried over sodium sulfate and freed of remaining 
solvents by distillation. 152 g (0.95 mol) of 2-(4- 
isopropylphenyOpropene (95%) remain as yellowish oil. GC purity 

94.5% a/a. 
Example 1 0 

[00030] Preparation of 2-(4-isopropylphenyl)propene from 4- 
fluoroisopropylbenzene 

Example 3 is repeated, except that the lithiation time must again be 
doubled. Yield 95%. GC purity 93.1 % a/a. 

Example 1 1 

[00031] Preparation of 4-octylbenzaldehyde from the ethylene glycol acetal of 4- 
chlorobenzaldehyde 

184.5 g (1 mol) of ethylene glycol acetal of 4-chlorobenzaldehyde are 
added dropwise over 2 h to a suspension of 13.8 g (2.0 mol) of lithium 
granules in 800 ml of THF at-50X. After a conversion determined by 
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GC of > 97% (overall 8.5 h). 193 g (1.1 mol) of n-octyl bromide are 
added dropwise at -SOX over 60 minutes and the stirring is continued 
for 1 h at this temperature. 

[00032] After hydrolysis (220 ml of water, adjust the pH to 2.0 using HCI) and 
boiling for 2 h under reflux (to cleave the acetal). the organic phase is 
separated off and the aqueous phase extracted once more with 100 ml 
of petroleum ether. The united organic phases are dried over sodium 
sulfate and then freed from remaining solvents by distillation. 198.4 g 
(0.91 mol) of 4-octylbenzaldehyde (91%) remain as a pale brownish oil. 
GC purity 98% a/a. 

Example 12 

[000331 Preparation of 4-(2-hydroxyethyl)phenetol from 4-chlorophenetole 

50 g (1.14 mol) of ethylene oxide are condensed into 400 ml of THF 
cooled to -eO'C. 13.8 g (2.0 mol) of lithium powder are then added 
under a nitrogen atmosphere, then 156.5 g of 4-chlorophenetole are 
added 10 minutes later. After attainment of a conversion determined by 
GC of > 96% (overall 5.5 h). the reaction mixture is hydrolyzed as 
described in Example 1 (150 ml of water, adjust the pH to 4.0 using 
HCI). The phases are then separated at room temperature and the 
aqueous phase extracted once more with 100 ml of dichloromethane. 
The united organic phases are freed of remaining solvents and water by 
distillation. 152.7 g (0.92 mol) of 4-(2-hydroxyethyl)phenetol (92%) 
remain as a highly viscous liquid. 

Example 13 
[00034] Preparation of 4-cyanobiphenyl 
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13.8 g (2.0 mol) of lithium powder are suspended in 225 ml of THF 
under a nitrogen atmosphere. A solution of 1 88.5 g of 4-chlorobiphenyl 
and 1 19 9 of phenyl isocyanate in 225 ml of THF is added dropwise at - 
eSX over the course of an hour. After attainment of a conversion 
determined by HPLC of > 95% (overall 8.5 h). the reaction mixture is 
hydrolyzed as described in Example 1 (150 ml of water; in order to 
remove the by-produced phenol, the pH is left at 12.4). The phases are 
then separated at room temperature and the aqueous phase extracted 
once more with 100 ml of dichloromethane. The united organic phases 
are washed once more with 3% NaOH and then freed of remaining 
solvents and water traces by distillation. 166.5 g (0.93 mol) of 4- 
cyanobiphenyl (93%) remain as a colorless solid, which may. if 
necessary, be recrystallized from ethanol. 

Example 14 

[00035] Preparation of 4-hydroxymethyl-N.N-dimethylaniline from 4-chloro-N.N- 
dimethylaniline 

155.5 g of 4-chloro-N.N-dimethylaniline are metered into a suspension 
of 13.8 g (2.0 mol) of lithium powder in 400 ml of toluene cooled to - 
50X over 60 minutes. After attainment of a conversion determined by 
GC of > 98% (overall 6.5 h). gaseous formaldehyde is bubbled into the 
reaction mixture until 33 g in total have been taken up. After stirring for 
a further 30 minutes, hydrolysis is carried out in the described manner 
(200 ml of water, adjust the pH to 7.0 using HCI). The phases are then 
separated at room temperature and the aqueous phase extracted twice 
more with 100 ml of dichloromethane each time. The united organic 
phases are freed of remaining solvents and water by distillation. 134.5 g 
(0.89 mol) of 4-hydroxymethyl-N.N-dimethylaniline (89%) remain as a 
viscous, brownish liquid. 
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Example 15 
[00036] Preparation of acetoplienone oxime 

1 12.5 g of chlorobenzene are metered into a suspension of 13.8 g 
(2.0 mol) of lithium powder in 400 ml of THF cooled to -50°C over 60 
minutes. After attainment of a conversion determined by GC of > 99% 
(overall 8.5 h), the greenish reaction mixture is metered into a 
suspension of an enolate with nitroethane in THF (preparation: 1 mol of 
nitroethane, 1 mol of n-BuLi in hexane and 300 ml of THF at -50X). 
After stirring for a further 30 minutes, hydrolysis is canried out in the 
described manner (200 ml of water, carefully adjust to pH 6.0 using 
HCl). The phases are then separated at room temperature and the 
aqueous phase extracted once more with 100 ml of dichloromethane. 
The united organic phases are freed of remaining solvents and water by 
distillation. 1 01 g (0.75 mol) of acetophenone oxime (75%) remain as 
yellowish, highly viscous oil. 

Example 16 

[00037] Preparation of 1 .2-bis(4-methylthiophenyl)ethanedione 

158.5 g of 4-chlorothioanisole are metered into a suspension of 13.8 g 
(2.0 mol) of lithium powder in 400 ml of THF cooled to -70'C over 60 
minutes. After attainment of a conversion detemnined by GC of > 96% 
(overall 7.5 h). a vigorous flow of carbon monoxide is bubbled into the 
reddish reaction mixture at -75X. When no more is taken up. 
hydrolysis is carried out in the described manner (200 ml of water, 
carefully adjust to pH 6.5 using HCl). The phases are then separated at 
room temperature and the aqueous phase extracted twice more with 
100 ml of dichloromethane each time. The united organic phases are 
freed of remaining solvents and water by very gentle distillation. After 
crystallization from ethanol (96%). 83 g (0.275 mol) of 1.2-bis(4- 
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methylthiophenyl)ethanedione (55%) remain as a brown, unpleasantly 
smelling solid. 

Example 17 
[00038] Preparation of bis(p-anisyl)carblnol 

158.5 g (1.0 mol) of 4-chlorothioanisole are metered into a suspension 
of 13.8 g (2.0 mol) of lithium pieces (1 cm x 1 cm x 0.5 cm) in 370 ml of 
THF cooled to -40X over 30 minutes. After attainment of a conversion 
determined by GC of > 97% (overall 14.5 h). a solution of 58.8 g 
(0.98 mol) of methyl formate in the same volume of THF is added 
dropwise into the reaction mixture at ^0°C. After stirring at -40''C for a 
further hour, hydrolysis is carried out in the repeatedly described 
manner (200 ml of water, adjust to pH 6.5 using HCI). The phases are 
then separated at room temperature and the aqueous phase extracted 
a further three times with 100 ml of dichloromethane each time. The 
united organic phases are freed of remaining solvents and water by 
distillation. 108.6 g (0.445 mol) of bis(p-anisyl)carbinol (89%) remain as 
a yellowish viscous product. 

Example 1 8 
[00039] Preparation of 4-methoxybiphenyl 

142.5 g (1.0 mol) of 4-chloroanisole are metered into a suspension of 
13.8 g (2.0 mol) of lithium lumps (1 cm x 1 cm x 0.5 cm) in 370 ml of 
THF cooled to -50X over 50 minutes. After attainment of a conversion 
determined by GC of > 97% (overall 12.5 h). a solution of 0.05 g of 
PdCIa (dppf) in 20 ml of THF is first added dropwise to the reaction 
mixture at -50°C and then a solution of 157 g of bromobenzene in the 
same volume of THF is added dropwise over 30 minutes (strongly 
exothermic). After stirring at -SOX for a further hour, the mixture is 
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allowed to warm to room temperature and hydrolyzed in the described 
manner (200 ml of water, adjust the pH to 5.5 using HCl). The phases 
are then separated at room temperature and the aqueous phase 
extracted once more with 1 50 ml of toluene. The united organic phases 
are freed of remaining solvents and water by distillation. 162 g 
(0.88 moi) of 4-methoxybiphenyl (88%) remain as a slightly yellowish 





Solvent 


Temperature 


Reaction time 


% Yield 


Example 8 


THF 


-SO'C 


1511 


88 


Example 9 


THF 


-45''C 


9.5 h 


95 


Example 10 


THF/toluene 
1:1 


-40-C 


24 h 


93.1 


Example 1 1 


THF 


-50°C 


8.5 h 


91 


Example 12 


THF 


-eo-c 


5.5 h 


92: 


Example 13 


THF 




8.5 h 


93 


Example 14 


Toluene 


-50°C 


6.5 h 


89 


Example 1 5 


THF 


-SOX 


8.5 ii 


75 


Example 16 


THF 


-70'C 


7.5 h 


96 


Example 17 


THF 


-40"'C 


14.511 


89 


Example 1 8 


THF 


-SO'C 


12.511 


88 



Example 19 

[00040] Preparation of 3-acetyl pyridine from 3-chloropyrldine 

A mixture of 113.5 g (1 mol) of 3-chloropyridine and 45.1 g (1.1 mol) of 
acetonitrile (freshly distilled) is added dropwise to a suspension of 
1 3.8 g (2.0 mol) of lithium granules in 350 ml of THF at -75°C over 
2 hours. After attainment of a conversion detemnined by GC of > 95% 
(overall 17.5 h). the reaction mixture is worked up in the repeatedly 
described manner. After filtration of the remaining toluenic solution 
through Primisil high-density zeolite and the condensing of the solvent. 
1 10 g of 3-acetylpyridine (HPLC purity 93%) remain as an orange liquid. 
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Example 20 

[00041] Preparation of 3-acetylfuran from 3-chlorofuran 

Example 19 is repeated, except that tiie reactants are 102.5 g (1 mol) of 
3-chlorofuran. 45.1 g (1 .1 mol) of acetonitrile (freshly distilled) and 
13.8 g (2.0 mol) of lithium granules. 98.5 g of 3-acetylfuran (HPLC purity 
94%) are obtained as a light brown liquid. 



